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Å3rd year graduate student at Michigan State University

ïThesis Advisor: Steve Lidia

ïThesis topic: Non-relativistic ion beam diagnostics

ÅWorking at Fermilab for 1 year as part of Accelerator Science 

and Engineering Traineeship

ïStarted: January 8th

ïFermilab mentor: Alexander Shemyakin

ÅGoals for time at Fermilab

ïFamiliarize with beam instrumentation

ïGain experience with experimental studies

ïWork will be part of thesis
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Non-Relativistic Beams

ÅVelocity is energy dependent

ïUse to describe region of interest, 

ß<~0.1

ÅNon-flat electromagnetic fields

ïNo direct match between fields at pipe 

walls and longitudinal profile

ÅLarge angles and low rigidity

ïCan steer the beam with lower fields 

Allows for Allison scanner to be used
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ÅPIP2

ï800 MeV H- linac

ÅMEBT

ï2.1 MeV/u, ß=0.06, 

[Bɟ]=0.21 T-m

ÅFRIB

ï200 MeV/u heavy ion linac

ÅMEBT

ï0.5 MeV/u, ß=0.03, 

[Bɟ]=0.11*A/q T-m

Why Come to Fermilab
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PIPII Injector Test (PIP2IT)

ÅTest of PIP2 front end 

ï30 keV H- source

ï162.5 MHz RFQ

ïMEBT: 2.1 MeV, 0.2 mm-mrad

ï5 mA nominal current
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ÅPosition

ïBeam position monitors 

(BPM)

ÅProfile

ïResistive wall current 

monitor (RWCM)

ïFast faraday cup (FFC)

ÅEmittance

ïAllison Scanner (AS)

ÅCurrent

ïRing Pick ups (RPU)

ïBeam dump

ïScrapers

ïToroids

PIP2IT Diagnostics
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Transverse Tails

ÅMeasured vertical phase space shows deviations even with 

scraped beams

ÅThese deviations increase the beam size

ïIncreased losses

ïDamage to SRF cavities

ÅWant to remove tails

ïFirst need a definition of

beam tail
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Measuring Transverse Tails

ÅMeasure tails using beam lifetime 

(LEP)

ïMeasure lifetime as a function 

collimator insertion 

ïCannot take this measurement in 

PIP2IT

ÅDouble Gaussian Fit (LHC)

ïFor symmetric beam profile, 

compare double gaussian fit to 

single gaussian fit

ïIn PIP2IT, difficultly fitting 

gaussians to scraped beam
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Measuring Beam Profile in PIP2IT

ÅMethod 1: insert a scraper and 

measuring current at dump

ïAccurate to a few percent

ÅMethod 2: Allison Scanner at 

end of MEBT

ïVertical profile measured by 

varying entrance slip position

ïVoltage between plates bends 

the beam slice

ïIntensity of particles that are 

bent to the exit slit is measured 

with faraday cup

ïConvert voltage to angle
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Allison Scanner Phase Portraits

ÅScan slit position and voltage and measure intensity of each 

point

ÅConvert voltage to angle

ÅGenerate y-yô phase portrait of the beam
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Cleaning Phase Portraits

ÅCurrent method:

ïSubtract mean noise

ïSet to zero all points below 1% of 

maximum  intensity

ïCalculate RMS Twiss parameters

Å Issue: 1% is arbitrary choice

ïIf cut isnôt large enough, noise will 

effect data

ïIf cut is too large, will lose 

information about tails

2/21/2018C. Richard | Non-Relativistic Ion Beam Diagnostics13

1%  Cut, ʁ= 1.001 mm-mrad

3%  Cut, ʁ= 0.955 mm-mrad

Beam with scraping, AS: 
2018-01-17 14:27



Improvement to Phase Portrait Cleaning

ÅPossible method:

ïSubtract mean noise

ïSet to zero all points below Nnoise*ůnoise

ïRemove all points outside of Nrms*Ůrms

ïRemove all points with no non-zero neighbors

ÅCalculate Nnoise to remove most of noise pixels
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Nnoise= 1, Nrms= 9

RʁMS=1.113 mm-mrad
Nnoise= 4, Nrms= 9

RʁMS=1.061 mm-mrad

Beam with scraping, 
AS: 2018-01-17 14:27



Action

ÅChallenging to analyze tails from phase 

portraits

ïNo clear distinction between core and 

tail

ïTails may propagate differently than core

ÅPossible alternative: Action, angle

ï

Ŭ,ß,ɔtwiss parameters;

x,xô particle position and angle

ïAction of a particle is constant under 

linear optics

ïFor gaussian beam, number of particles 

with given action is linear in semilog

space
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Random Gaussian 
Distribution Example


